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SUMMARY 
The effect of L. casei on the nitrogenous decomposition and 
flavor development in cheddar cheese was studied with nine 
series of cheese, using eight strains of the organism. Each series 
contained three cheese, manufactured at the same time from 
equal portions of the same lot of milk. With each of six series, 
one cheese was made from raw milk, one from pasteurized milk, 
and one from pasteurized milk inoculated with a strain of L. casei 
while with each of three series one cheese was made from pas-
teurized milk and two were made from pasteurized milk inocu-
lated with a strain of L. casei. Commercial cheese culture was 
added to the milk used in the manufacture of all of the cheese. 
Changes in the nitrogen distribution in the cheese were deter-
mined by chemical analyses of cheese serum, obtained directly 
from cheese and sand mixtures by pressure, at various periods 
during ripening. The analyses of the cheese serum included de-
terminations of total nitrogen, amino nitrogen, and various nitro-
gen fractions which were soluble or insoluble in trichloracetic 
acid, ethyl alcohol, phosphotungstic acid, and tungstic acid. The 
cheese were scored for flavor and the flavor criticized at the 
periods when chemical analyses were made. 
There was a steady breaking down of the protein in all of the 
cheese, as indicated by increases in the various nitrogen fractions 
determined. Six of the eight strains of L. casei employed, when 
added individually to pasteurized milk used for cheese making, 
appeared to bring about a more rapid and extensive decomposi-
tion of the protein than occurred in the cheese made from pas-
teurized milk not inoculated with the organisms; this change in 
the protein decomposition was evident throughout the ripening 
periods. The two remaining strains of L. casei had little effect 
on the rate or extent of the protein decomposition. Except for 
the fraction insoluble in trichloracetic acid, the amounts of the 
various forms of nitrogen obtained from the serums of the raw 
milk cheese and the cheese made from pasteurized milk inocu-
lated with anyone of the six strains, were commonly larger than 
the corresponding amounts obtained from the serum of the pas-
teurized milk cheese; this was especially true of the total nitro-
gen and the nitrogen soluble in trichloracetic acid. The amount 
of nitrogen insoluble in trichloracetic acid was commonly larger 
in the serum of the pasteurized milk cheese than in the serums 
of the other two types of cheese. 
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The percentages of the total soluble nitrogen that were present 
in the various nitrogen fractions with the different types of 
cheese showed only two consistent variations. The percentages 
of the fraction soluble in trichloracetic acid but not in ethyl alco-
hol were usually larger in the serums of the raw milk cheese al1d 
the cheese made from pasteurized milk inoculated with anyone 
of the six strains of L. casei than in the serum of the pasteurized 
milk cheese, and the percentages of the fraction insoluble in 
trichloracetic acid were usually larger in the serum of the pas-
teurized milk cheese than in the serums of the other two types. 
The flavor scores of the cheese made from pasteurized milk in-
oculated with a strain of L. casei, were commonly more uniform 
and higher than the scores of either the raw or pasteurized milk 
cheese although, frequently, the flavor was not typically cheddar. 
Three of the strains of L. casei appeared to give the cheese a 
cheddar flavor while three other strains brought about a butter-
like flavor and aroma which were pleasing. Since the butter-like 
flavor and aroma suggested diacetyl (a compound known to be 
important as a flavor contributant to butter and butter cultures), 
determinations of diacetyl were made on three series of cheese. 
Small amounts of diacetyl were obtained from the cheese hav-
ing the butter-like flavor and aroma but not from the other cheese 
in the series, which suggests that diacetyl is sometimes produced 
in cheese by certain strains of L. casei. In other trials no diacetyl 
could be obtained from cheese made with the L. casei strains that 
had previously produced it. The raw milk cheese was generally 
typically cheddar in flavor while the pasteurized milk cheese 
usually scored comparatively low and was lacking or bitter in 
flavor. 
The effect of L. casei on the numbers and general types of bac-
teria in cheese was studied with three series of cheese in which 
one of the strains was used. The cheese was plated on tomato 
juice agar at various stages during ripening and the plates incu-
bated at 70 0 F. (21.1 0 C.) for 10 days. After counting, 25 con-
tiguous colonies were picked into litmus milk from one plate of 
each set. After 10 days at room temperature the appearance or 
the litmus milk cultures and the morphologic characteristics of 
the organisms were recorded. The highest bacterial counts were 
obtained on each cheese after only relatively short ripening; the 
highest counts on the raw milk cheese varied from 640 to 1,640 
million per gm., those on the pasteurized milk cheese ranged from 
400 to 910 million and those on the cheese made with L. casei 
from 2,320 to 2,600 million. Throughout the entire ripening 
periods, the counts on the cheese made from pasteurized milk 
inoculated with the L. casei strain were considerably higher than 
the counts on the other two types of cheese. The flora of the 
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cheese made with L. casei was made up largely of this organism 
at all stages of the ripening, while in the other two types of 
cheese L. casei organisms were not particularly numerous until 
the later stages of ripening. It appears that L . casei, when inocu-
lated into pasteurized milk used for cheese making, increases 
more rapidly in the cheese than the other types of organisms 
normally present. 
In general, certain strains of L. casei, when added to pasteur-
ized milk used for making cheddar cheese, appear to have a de-
sirable effect on the protein decomposition, the flavor and the 
uniformity of the resulting cheese. 

Bacteriology of Cheese 
II. Effect of Lactobacillus casei on the Nitrogenous 
Decomposition and Flavor Development 
in Cheddar Cheese Made from 
Pasteurized Milkl 
By C. B. LANE AND B. W. HAMMER . 
The extensive use of pasteurization with various dairy prod-
ucts, for the destruction of disease-producing organisms that 
may be present and for the improvement of the keeping qual-
ities, suggests that the process may have important advantages 
in the cheese industry. Cheddar cheese made from pasteurized 
m.ilk with the usual cheese cultures tends to ripen slowly and 
lack flavor and aroma so that, if a desirable product is to be 
obtained, the use of additional cultures in the milk seems neces-
sary. Bacteriological studies on cheddar cheese made from 
raw milk have shown that Lactobacillus casei commonly grows 
extensively in the product and that often enormous numbers 
are present after some weeks of ripening. These results sug-
gest that there may be an advantage in adding L. casei to pas-
teurized milk to be made into cheddar cheese. This is espe-
cially true when the pasteurization exposures are high enough 
to insure the destruction of any disease-producing organisms 
present. Such exposures would be expected to destroy a large 
percentage of the total organisms in the raw milk. In the past 
much of the pasteurized milk made into cheddar cheese in cer-
tain areas has been flash pasteurized at relatively low temper-
atures, the primary purpose being to control objectionable fer-
mentations in the cheese. 
The work herein reported was carried out to determine the 
effect of adding selected cultures of L. casei to pasteurized 
milk intended for cheddar cheese on the nitrogenous decomposi-
tion and flavor development in the cheese. The milk was pas-
teurized at 145°F. (62.8°C.) for 30 minutes so that the heat 
treatment would be acceptable to cheese manufacturers, health 
officials and others especially interested in having a product 
1'ree from disease-producing organisms. The usual type of 
1 Project 385 of the Iowa Agricultural Experiment Station. 
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cheese culture was used with L. casei in order to obtain a rapid 
aci.d development during the manufacturing process. 
HISTORICAL 
The development of desirable flavors and aromas in cheddar 
cheese during ripening and the agents which produce them have 
been studied both chemically and bacteriologically. 
Among the early investigators were Babcock, Russell, Vivian 
and Hastings (3), and Babcock, Russell and Vivian (2) who, in 
1899 and 1900, studied the proteolytic changes produced by 
galactase and rennet during the ripening of cheddar cheese. 
These investigators concluded that galactase is the main causal 
agent in the proteolytic changes which occur in cheese, and 
that it is able to decompose protein to relatively simple com-
pounds such as amino acids and ammonia. They further con-
cluded that rennet exerts a digestive effect on the cheese pro-
tein owing to the presence of peptic enzymes in the rennet, and 
that the soluble nitrogenous products formed by rennet are 
mostly albumoses and higher peptones. Van Slyke, Harding 
and Hart (30), in studying the effect of enzymes on cheese rip-
ening, made cheese from milk to which a small percentage of 
chloroform had been added and then held the cheese in an at-
mosphere of chloroform. They were unable to obtain any am-
monia from the cheese even after 9 months of ripening. From 
their results it appears that ammonia is not formed when bac-
terial action is excluded. In the chloroformed cheese, Van 
Slyke, Harding and Hart found less soluble nitrogen than in 
normal cheese, and relatively large amounts of albumoses and 
peptones in proportion to amides. 
Hart, Hastings, Flint and Evans (12) also used chloroformed 
cheese to study the effect of enzymes on cheese ripening. They 
were unable to find any volatile acids in the chloroformed 
cheese, from which they concluded that inherent milk enzymes 
are incapable of producing these acids in appreciable quan-
tities. 
Rogers (23) noted the presence of enzymes in partially rip-
ened and ripened cheddar cheese, while Van Slyke and Hart (33) 
concluded that the use of more than a normal amount of rennet in 
the manufacture of cheese increases the amount of soluble nitroge-
nous products formed during the ripening period. More recent 
investigations by Barthel, Sandberg and Haglund (4) demon-
strated the existence of active rennet in the serums of several 
varieties of cheeses. These investigators found that the ser-
ums obtained from well-ripened cheeses contained more rennet 
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than the serums obtained from the cheeses during the early 
stages of ripening. 
Suzuki, Hastings and Hart (27) were unable to obtain from 
cheddar cheese, enzymes which produced lactic acid or vola-
tile fatty acids from lactose and concluded that these acids, 
normally found in cheese, are not formed by enzymes but rather 
by bacteria. 
Working on the assumption that inherent milk enzymes im-
portant in cheese ripening are destroyed by pasteurization, 
Price (22) added small quantities of well-ripened cheese to 
pasteurized milk used for cheese making. He found that the 
inoculated milk produced cheese having disagreeable and un-
natural flavors. In experimenting with rennet and pepsin in 
the manufacture of cheddar cheese, Davies and associates (6) 
found that the addition of these enzymes, in varying amounts, 
to the milk used for making cheese had little effect on the 
flavor, texture, body or degree of ripening of the cheese. Wojtkie-
wicz and Inikoff (35) added various combinations of enzymes 
to milk used for cheese making, and noted that the addition of 
pepsin alone did not affect the ripening, while the addition 
of a combination of rennet and trypsin definitely intensified the 
protein breakdown in the cheese, although a bitter flavor de-
veloped; when a mixture of trypsin, pepsin and erepsin was 
used, a favorable effect was produced in the cheese. 
As early as 1902, Van Slyke and Hart (31) concluded that 
the first step in the ripening of cheddar cheese is probably a 
peptic digestion of unsaturated para-casein lactate. They noted 
that, as the cheese ripened, there was a decrease in the unsatu-
rated para-casein lactate content with a corresponding increase 
in the water soluble nitrogenous products. Later, Van Slyke 
and Hart (32), in studying some of the individual proteolytic 
compounds in cheddar cheese, obtained relatively large amounts 
of paranuclein from young cheese; small amounts of lysatine, 
histidine and lysine from middle-aged cheese; and traces of 
putresine from old cheese. As a result of their studies, these in-
vestigators believed that the flavor found in well-ripened ched-
dar cheese is due in a large part to the formation of some of 
these compounds, along with the conversion of primary amino 
compounds to secondary amino compounds. Van Slyke and 
Bosworth (29) determined some of the first chemical changes 
taking place during the ripening of cheddar cheese. They 
found that insoluble protein in the fresh curd rapidly changed 
into protein soluble in warm, dilute salt solution. This brine 
soluble protein soon changed to a compound insoluble in salt 
solution, but soluble in water. Kelly (16) demonstrated that 
the hydrolysis of protein in raw milk cheddar cheese during the 
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ripening period progresses in a uniform manner, but that only 
about 20 percent of the original protein in the cheese is at-
tacked during the first 3 months of ripening. 
In working with flavoring materials from cheddar cheese, 
Suzuki, Hastings and Hart (27) concluded that fatty acids, 
alcohols and esters are important flavor contributants. They 
found that up to the age of about 3 months, cheese contained 
acetic and propionic acids in increasing amounts; that after 
about 3 months these acids decreased, while butyric and caproic 
acids increased. By steam distilling portions of ground cheese, 
these investigators obtained a "flavor solution" which had a 
typical cheddar cheese aroma and contained alcohols and esters. 
In 1896, Russell (24) classified the periods of bacterial 
growth in cheddar cheese during ripening. The periods in-
cluded: (a) Period of initial bacterial decline, in which there 
was a marked falling off in numbers of bacteria for a few days 
after the manufacture of the cheese; (b) period of bacterial 
increase, in which there occurred a rapid increase in growth 
until "there were scores of millions of bacteria per gram of 
cheese; and (0) period of final bacterial decline, in which there 
was apparent a gradual diminution in the numbers of bacteria 
until a point was reached where relatively few living bacteria 
remained. Russell considered that the coincidence existing in 
point of time between the gradual ripening of the cheese and 
the marked development of lactic acid bacteria seemed to indi-
cate that these two phenomena are closely related. 
, The only group of bacteria constantly found in large num-
bers in cheddar cheese by Harding and Prucha (11) was the 
BaciC1-ium Zactis acidi group, while Hastings, Evans and Hart 
(13) were able to find, in all cheddar cheese which they studied, 
large nhmbers of both BactC1-ium Zactis acidi and Bacill'lts bul-
garic'lts organisms. Evans, Hastings and Hart (8) noted a 
rapid increase in the numbers of the Bacillus bnlgaric'lts group 
following a sharp decrease in the numbers of BacteTinm lactis 
acidi , organisms. These same investigators also isolated small 
numbe'rs of chromogenic cocci and liquefying bacteria from 
cheddar cheese. 
Garini (9) reports that the liquefying cocci, which he termed 
acidoproteolytes, are the most important organisms from the 
standpoint of cheese ripening. The acidoproteolytes include or-
ganisms which attack both lactose and casein, and which are 
capabl~ of proteolyzing in an acid medium. 
- When various cocci, isolated from cheddar cheese, were 
gr,own: in mi1k by Hart, Hastings, Flint and Evans (12), large 
quantities of volatile acids, especially acetic acid, were pro-
ductil, . while several strains of BactC1-imn casei, also isolated 
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from cheddar cheese, formed both acetic and propionic acids. 
One type of coccus was found to form comparatively large 
amounts of alcohols and esters which, according to these and 
other investigators, are bodies that contribute in a large de-
gree to the flavor of. cheddar cheese. 
Evans, Hastings and Hart (8) studied the groups of bacteria 
which they believed might be concern.ed in the production of 
cheddar cheese flavor. The groups were: (a) The Bacte1'inrn 
lactis acidi group: (b) the Bacteriurn casei group; (c) the 
Streptococcus group; and (d) the Micrococcus group. These 
investigators concluded that organisms of the Bacte1'iurn casei 
group are responsible for the pungent taste that develops late 
in the ripening periods of both raw milk and pasteurized milk 
cheese. When milk cultures of Bacteriwn casei werc added to 
pasteurized miUz used for making cheese, however, a pronounced 
sour flavor developed in the cheese. Davies and associates (6) 
inoculated milk used for cheddar cheese with cultures of Lac-
tobacillus casei or Lactobacilltls plantarurn, which had been 
isolated from ripened cheese. They found that the Lactobacil-
lus cultures, when used along with the usual cheese culture, 
appeared to accelerate the protein degradation in the cheese 
during the early stages of ripening, but had no effect on the 
flavor or texture of the cheesc. 
Evans, Hastings and Hart (8) were unable to obtain any 
cheddar cheese flavor when Bacte1'iurn lac tis acidi alone was 
used in the manufacture of pasteurized milk cheddar cheese, 
but when cultures of certain streptococci isolated from raw 
milk cheese were added along with Bacterium -lactis acidi, an 
increase in cheese flavor was noted. Evans (7) later isolated 
two strains of cocci from cheddar cheese, Stl'eptococC11S x and 
StreptocOCCttS kefit·, which produced comparatively large 
amounts of acetic acid when grown in milk. An improvement 
in flavor and a hastening of the protein breakdown occurred in 
cheese made from pasteurized milk inoculated with each of 
these organisms in addition to the usual culture. 
In studies on the types of bacteria in commercial cheddar 
cheese, Hucker (14) found that the better grades of cheese con-
tained a flora differing widely from that of the poorer gradeR. 
St?'eptocOCCllS lactis and Lactobacillus types predominated in 
the better grades, while the poorer grades contained many 
spore-forming rods. The proportion of cocci other than Strep-
tOCOCCttS lactis did not vary in cheese of different qualities. -
In 1926, Hucker and Marquardt (15) studied the effects of 
several streptococci on the flavor of cheddar cheese made from 
pasteurized milk. They concluded that StTeptocOcCttS para· 
citl'ovOnts, when added to pasteurized milk in addition to t,he 
'j -';:. ~/L 
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usual lactic culture, improves the flavor of the cheese made from 
the milk, while Streptococcus citl'ovon£s has no effect on the 
flavor. Cheese made with cultures of Streptococcus Zactis was 
found to be similar to that made with commercial cheese 
cultures, while certain strains of proteolytic streptococci, when 
added as cultures, produced bitter, unpalatable cheese. Similar 
researches by I-lansen, ~endixen and Theophilus (10) indicate 
that cheese made from raw or pasteurized milk with Streptococ-
cus citrov01-us or Streptococcus paracitrovort£s alone as the cul-
ture becomes bitter and has a poor body, while cheese made with 
Streptococcus Zactis as the culture, lacks flavor but has a good 
body and texture. 
Whitehead (34) found that representative strains of organ-
isms of the colon group, when inoculated into raw milk imme-
diately before starting the process of cheese manufacture, had 
a deleterious influence on the flavor of cheddar cheese, even 
when the inoculation was not sufficiently heavy to produce gas 
holes in the cheese. 
Investigations by Wojtkiewicz and Inikoff (35) indicate the 
possibilities of inoculating milk used for cheese making with 
various organisms. They added certain strains of Strepto-
COCCt£S ZaGt"is and LactobaciZZus casei, selected because of their 
rapid proteolyzing abilities, to the milk and found an improve-
ment in the flavor and a hastened ripening of the resulting 
cheese. In studying the influence of lactic streptococci on the 
ripening of cheddar cheese made from milk pasteurized at 150°F. 
by the flash method, Sherwood and Whitehead (26) concluded 
that the proteolytic powers of various organisms used as cul-
tures seemed to have little influence on the rate of proteolysis 
in the cheese, and that the protein breakdown is governed by 
the rate and extent of acid formation during the ripening. 
From these conclusions they suggest that rennet is the principal 
proteolytic agent in the ripening of cheddar cheese. 
In studying the chemical changes which take place in raw 
milk cheddar cheese during ripening, Kelly (16) found that the 
protein in cheese made with strains of Streptococcus Zactis or 
Stl'eptococcus cl-emoris as cultures, undergoes changes similar 
to the changes in cheese made with commercial cheese cultures. 
Kelly (17) later concluded that acid production is the chief 
function of cheese cultures, and that the culture used has little 
direct effect on the flavor and aroma of the cheese at the time 
of marketing. 
Studies by Moil' (20) indicate that the pasteurization of milk 
for cheese making reduces the amounts of ultimate protein de-
composition products formed in cheddar cheese during the rip-
ening. Further investigations on pasteurized milk cheese by 
Moil' (21) suggest that pasteurization modifies milk so that the 
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lactic acid flora is able to develop more rapidly in pasteurized 
milk than in raw mille One of the results of the altered acid 
development in pasteurized milk cheese is the production of 
cheese having abnormally low pH values, which modify the 
course of ripening and flavor production. 
Oomparisons of the nitrogenous decomposition in cheese made 
from raw milk, from pasteurized milk and from a mixture of raw 
and pasteurized milk (ratio 1 to 9) were made by Lane and Ham-
mer (18) . They found a more rapid and extensive protein 
breakdown in the raw milk cheese than in the pasteurized mille 
cheese, and also that the protein breakdown in the cheese made 
from the mixture of raw and pasteurized mille was more nearly 
comparable to that of the raw milk cheese than to that of the 
pasteurized milk cheese. From these results, Lane and Hammer 
suggest that pasteurization of milk destroys certain bacteria 
or enzymes important from the standpoint of cheese ripening. 
Three factors essential to the proper ripening of cheddar 
cheese made from milk of low bacterial counts suggested by 
Allen and Knowles (1) are: (a) The use of a vigorous cheese 
culture; (b) the addition to the milk of Lactobacillus organ-
isms capable of extending the protein decomposition initiated 
by enzymes and lactic acid streptococci; and (c) an adequate 
source of nitrogen to allow the growth of Streptococcus and 
Lactobacillus organisms. 
METHODS 
MANUFACTURE OF CHEESE 
SOURCES AND TREATMENT OF MILK 
The milk used for the manufacture of the experimental cheese 
came from three sources and varied in sanitary quality. Milk A 
contained about 3.4 percent fat and the bacterial counts were 
usually under 20,000 per ml. as determined by the standard 
plate method. Milk B and Milk 0 contained from 3.4 to 3.8 
percent fat, and the bacterial counts ranged from 100,000 to 
500,000 per ml. as determined by the standard plate method. 
In each series of cheese, 381 pounds of milk were used. The 
mille was thoroughly mixed in a small pasteurizing vat equipped 
with a mechanical agitator. When one raw milk cheese and 
two pasteurized milk cheese were to be made, 127 pounds of 
milk were drawn from the vat, and the remaining milk was 
heated to 145°F. (62.8 °0.) for 30 minutes, cooled and divided 
into two equal portions. When three pasteurized milk cheese 
were to be made, the 381 pounds of milk were pasteurized at 
145°F. (62.8°0.) for 30 minutes, cooled and divided into three 
equal portions. 
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MANUFACTURE AND SCORING OF CHEESE 
The portions of milk were placed in 40 gallon cheese vats and 
inoculated with 1.5 or 2.0 percent of commercial cheese culture 
containing from 0.8 to 0.9 percent acid, calculated as lactic 
acid. In addition to the cheese culture, some of the vats of 
pasteurized milk were inoculated with 1.5 percent of a milk 
culture of L . casei. In the experiments in which one lot of 
cheese was made from raw mille, and two lots from pasteurized 
milk, one of the two portions of pasteurized milk was inoculated 
with L. casei while in the experiments in which all three lots 
of cheese were made from pasteurized milk, two of the por-
tions of milk were inoculated with L. casei. 
When the milk had ripened for about 30 minutes at a temp-
erature of approximately 80°F. (26.7°0.), the temperature was 
adjusted to 86 °F. (30.0°0.) and commercial cheese color and 
rennet were added at the rate of 1 and 3 ounces per 1,000 
pounds of milk, respectively. After about 25 minutes the curd 
was cut with three-sixteenth inch knives and then cooked slowly 
to 104°F. (40.0 °0.) where it was held until the acidity of the 
whey reached 0.15 to 0.16 percent acid and the desired firmness 
of the curd was obtained. The curd was then dipped and ched-
dared until 0.5 to 0.6 percent acidity in the whey was reached. 
After milling, the curd was forked for about 30 minutes and 3 
percent salt added. At least 45 minutes were required to dis-
solve the salt, after which the curd was rinsed with scalding 
water and placed in the hoops. 
The cheese was pressed under continuous pressure for about 
18 hours, put in a drying room at 45°F. (7.2°0.) for 48 hours, 
paraffined and then placed in curing rooms at 35 to 39°F 
(1.7 to 3.9 °0.). One longhorn cheese, weighing about 12 pounds 
was obtained from each lot of 127 pounds of mille 
In order to insure cheese of high· quality from both pasteur-
ized and raw milk, a different time schedule for the various 
manufacturing processes was used with the pasteurized milk 
than with the raw milk. 
The cheese was examined and scored for flavor at intervals 
during ripening on the basis of 45 for a perfect score. A des-
cription of the flavor of each cheese was included with the 
numerical score, since the cheese varied in type and intensity of 
flavor to such an extent that numerical scores alone did not give 
sufficient information regarding the flavor. The score·s and 
criticisms recorded were given by Prof.E. F. Goss of the Dairy 
Industry Dept., Iowa State Oollege; at each scoring, the cheese 
was usually examined by two or more additional persons who 
agreed with Professor Goss on the general quality of the prod-
uct. 
The moisture determinations on the cheese were made by dry-
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ing 5 gm. of finely divided cheese in an oven at 212°F. (100.0° 
C.) for 18 hours. 
PREPARA'I.'ION OF CULTURES OF L. casei 
Cultures of L. casei were prepared from flasks of sterile skim-
milk by inoculating each flask with a strain of the organism. The 
inoculated milk was held at 98.6°F. (37 .O°C.) for about 48 hours 
before being added to the pasteurized milk to be made into 
cheese. When used, the cultures contained from 0.7 to 0.8 per-
cent acid, calculated as lactic acid. 
All of the strains of L. casei employed were isolated in the 
dairy bacteriology laboratories at Iowa State College. Strains 1, 
2 and 3 were obtained from milk, and Strains 4, 5, 6, 7 and 8 
from cheddar cheese. 
NITROGENOUS DECOMPOSITION IN CHEESE 
The methods used for the study of the nitrogenous decomposi-
tion in the experimental cheese were those employed by Lane and 
Hammer (18). Cheese serum was obtained at regular intervals 
during the ripening by submitting a mixture of finely divided 
cheese and sand to relatively high pressures in a hydraulic press. 
The serum was analyzed for total nitrogen, amino nitrogen and 
various fractions of protein and protein decomposition products 
which were soluble or insoluble in trichloracetic acid, ethyl alco-
hol, phosphotungstic acid, or tungstic acid. The values for the 
various forms of nitrogen were expressed as the milliliters of 0.1 
normal acid equivalent to the nitrogen of 1 ml. of cheese serum. 
NUMBERS AND GENERAL TYPES OF BACTERIA IN CHEESE 
The numbers and general types of bacteria in certain lots of 
the experimental cheese at various intervals during ripening' 
were determined by plating the cheese on tomato juice agar and 
transferring individual colonies to tubes of sterile litmus milk. 
The agar was prepared as follows: Solution A consisted of 400 
ml. of clear tomato juice (obtained from canned tomatoes filtered 
overnight through cheesecloth) that had been neutralized with 
sodium hydroxide to a pH of 7.0. Solution B contained 10 gm. 
of Bacto peptonized milk, 10 gm. Bacto peptone and 20 gm. of 
agar dissolved by heating in distilled water to make 600 ml. The 
two solutions were mixed and filtered, after which the mixture 
was tubed and sterilized in an autoclave at 15 pounds pressure 
for 20 minutes. 
The cheese was sampled with a sterile trier and a small piece 
(approximately 1 gm.) was weighed to the nearest 0.01 gm. on 
sterile parchment paper. The weighed cheese was transferred to 
a 'sterile mortar and treated with 10 ml. of sterile, 2 percent, 
aqueous, sodium citrate solution (5), after which the mixture was 
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ground several minutes with a sterile pestle until a homogenous 
liquid was obtained. The liquid in the mortar represented a 1 
to 10 dilution of the cheese and from this the desired dilutions 
were prepared. The plates were incubated at 70°F. (21.1 DC.) 
for about 10 days, after which they were counted and the bac-
terial counts calculated to a gram basis. 
The plates used in obtaining the bacterial counts on the cheese 
were also employed in determining the general types of bacteria 
prescnt. Twenty-five contiguous colonies were picked from one 
of the plates in each set and inoculated into tubes of sterile lit-
mus milk. After about 10 days at room temperature, the ap-
pearance of each litmus milk culture and the morphologic char-
acteristics of the organism contained were recorded. 
RESULTS 
EFFECT OF ADDING EACH OF SEVERAL STRAINS OF L. CASEl 
TO PASTEURIZED MILK USED FOR MAKING CHEDDAR 
CHEESE ON THE NITROGENOUS DECOMPOSITION AND 
FLAVOR DEVELOPMENT IN THE CHEESE 
In studying the effect of adding L. casei to pasteurized milk 
used for making cheddar cheese on the nitrogenous decomposition 
and flavor development in the cheese, nine series of cheese were 
made, three with Strain 1, three with Strain 4 and three with 
Strains 2, 3, 5, 6, 7 and 8. Each series included three cheese, 
manufactured at the same time from cqual portions of the same 
lot of milk. With Strains 1 and 4, each series contained one 
cheese made from raw milk, one from pasteurized milk, and one 
from pasteurized milk inoculated with 1.5 percent of a milk cul-
ture of the L. casei strain, while with Strains 2, 3, 5, 6, 7 and 8 
each series contained one cheese made from pasteurized milk, and 
two cheese made from pasteurized milk inoculated with 1.5 per-
cent of a milk culture of a strain of L. casei. Commercial cheese 
culture was added to the milk used in the manufacture of all of 
the experimental cheese. 
EFFECT OF STRAIN 1 
Table 1 presents data on the nitrogenous decomposition and 
flavor development in the three series of cheese in which Strain 
1 was used. 
There was very little variation in the total nitrogen in the 
serums of the three cheese in a series when the cheese were only 
a few days old, although the serum of the cheese made from pas-
teurized milk inoculated with Strain 1 contained more total nitro-
gen than the serums of the other two types and the amount in the 
serum of the raw milk cheese was larger than the amount in the 
serum of the pasteurized milk cheese in two or the three com-
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parisons. As the ripening progressed, increases in the total 
nitrogen in the serums of all of the cheese occurred and the dif-
ferences between the three cheese in a series became greater. In 
all cases the amounts in the serums of the raw milk cheese and 
the cheese made from pasteurized milk inoculated with Strain 1 
were larger than the corresponding amounts in the pasteurized 
milk cheese. At the end of the ripening, when the cheese had 
aged for from 106 to 116 days, the amount of total nitrogen in 
the serum of the raw milk cheese was larger than the amount in 
the serum of the cheese made from pasteurized milk inoculated 
with Strain 1 in two comparisons and slightly smaller in one, 
while the amount of total nitrogen in the serum of the pasteurized 
milk cheese was appreciably smaller than the amounts in the 
serums of the other two types of cheese in all of the compari-
sons. 
Increases in the nitrogen in the various fractions occurred 
with the serums of all of the cheese as the ripening progressed. 
In the young cheese, the amounts of nitrogen in the fractions 
soluble in trichloractic acid, ethyl alcohol, phosphotungstic acid, 
and tungstic acid, were frequently larger with the serums of the 
raw milk cheese and the cheese made from pasteurized milk in-
oculated with Strain 1 than with the serum of the pasteurized 
milk cheese. This general relationship of the amounts of nitro-
gen in the various fractions from the serums of the three cheese 
was maintained throughout the ripening periods; usually the 
differences between the serums were greater with longer ripen-
ing periods than with shorter ones. 
The amounts of nitrogen in the fractions insoluble in the 
various reagents were commonly larger with the serums of the 
cheese made from raw milk and from pasteurized milk inocu-
lated with Strain 1 than with the serum of the pasteurized milk 
cheese, but there was a number of exceptions to this relation-
ship, especially in the fraction insoluble in trichloracetic acid. 
In some cases, the values for this fraction were definitely larger 
with the serum of the pasteurized milk cheese than with the 
serums of the other two types, which indicates comparatively 
large amounts of the more complex forms of nitrogen in the 
serum of the pasteurized milk cheese. 
Increases in the amounts of amino nitrogen in the serums, as 
the ripening progressed, were shown by all of the cheese. Dur-
ing the early stages of ripening, variations in the amounts of 
amino nitrogen among the three cheese were relatively small; 
after longer ripening, larger differences existed and the 
amounts in the serums of the raw milk cheese and the cheese 
made from pasteurized milk inoculated with Strain 1 were 
regularly larger than the corresponding amounts in the serum 
of the pasteurized milk cheese. 
TABLE 1. EFFECT OF ADDING STRAIN 1 TO PASTEURIZED MILK USED FOR MAKING CHEDDAR CHEESE ON THE NITROGENOUS 
DECOMPOSITION AND FLAVOR DEVELOPMENT IN THE CHEESE. 
---- - - - - ---- ---
mi. of 0.1 normal acid equiv. to nitrogen of 1 ml. of cheese serum 
--- --- ---
Per- nitrogen fractionated into sol. and insol. portions with 
'" .... 
cent- Flavor 
'" '" 
Milk Age age total trichlor- ethyl phospho- tungstic * Bcore Remarks on ll"S used in H2O N acetic acid alcohol tungstic acid acid amino of cheese flavor 
c3 g days in ~I insol. ~I insol. ~linBOl. ~linSOI. N cheese cheese 
-
Series 1. Milk B inoculated with 2 percent commercial cheese culture G 
1-1 Raw 2 39.2 3 . 8 2.2 1.5 0.7 3.1 0.6 3.1 0.9 2.7 0.87 
1-2 Pasteurized 2 39.6 4.0 2.4 1.7 0.8 3.1 0.7 3.2 1.0 2.9 0.82 
1-3 Past. +Strain 1 2 39.7 4.5 2.6 2.0 0.9 3.6 0.9 3.7 0.7 2.8 0.82 
--- --- ------ ------ ------ ------ ---
I-I Raw 29 8 .3 5.7 2.5 3.2 5.1 2.0 6.5 2.0 6.4 1.71 40 Very good, typical cheddar 
1-2 Pasteurized 29 7.5 4.4 3 .3 2.7 5.0 1.8 5.7 1.7 5.8 1.32 39 Good, lacks flavor 
1-3 Past. +Strain 1 29 8.6 4 .9 3.6 3.8 5.6 2.0 6.8 1.9 6.8 1.82 40 Very good, butter-like flavor 
--- --- ------ ------ ------ ------ ---
I-I Raw 64 13.8 9 .0 4.8 6.2 8.0 4.2 9.8 4.0 9.6 2.64 40 . 5 Very good, typical cheddar 
1-2 Pasteurized 64 13.0 7.9 5 .3 4.0 9.1 2.3 10.6 3.2 9.7 2.48 39 Good, lacks flavor 
1-3 Past. +Strain 1 64 13.6 8.9 4.6 5.0 8.4 3.3 10.5 3.9 9 .6 3.14 40.5 Very good, butter-like flavor 
--- --- ------ ------ ------
------ ---
I-I Raw 108 16.4 10.4 6.0 6.6 9.7 6.0 10.4 5.6 10.6 4.05 40 Very good, typical cheddar 
1-2 Pasteurized 108 15.3 8.5 7.0 6.0 9.1 5.1 10 .0 4.9 10.2 3 .38 39.5 Very good, lacks flavor 
1-3 Past. +Strain 1 108 16.1 10.2 6.2 6.6 9.6 5.8 10.2 4.8 10.2 3 . 81 38.5 Good, sl. sour, butter-like flavor 
CJ.:) 
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Series 2. Milk C inoculated with 2 percent commercial cheese culture G 
2-1 1 Raw 2 39.1 4 .5 3.0 1.5 1.7 2.8 1 1.2 1 3.2 1.3 1 3.0 0 . 75 2-2 Pasteurized 2 39.4 4 .3 3.2 1.2 1.5 2.9 1.0 3.4 1.3 2.8 0 .54 
2-3 Past. +Strain 1 2 40.0 4.6 3.2 1. 5 1.7 2.8 1.1 3. 5 1.2 3.4 0.64 
------ ---------
2-1 Raw 38 7.8 5.4 2.5 3.2 4.5 2.6 5.3 1.6 6.1 1. 56 
2-2 Pasteurized 38 7.4 4.8 2.8 3.5 4.0 2.0 5.6 1.5 6.1 1.46 
2-3 Past. +Strain 1 38 8.6 6.0 2.6 3.4 5 .0 2.3 6.6 1.7 6 .8 1.50 
--- --- ------ ------ ------ ------ ---
2-1 Raw 76 14 .8 9.4 5.4 6.4 8.2 5.2 9.4 2.6 12 .2 1.95 
2-2 I Pasteurized 76 13.2 8.0 5.0 6.0 7.1 4.0 9.0 2.5 10 .5 1.68 
2-3 Past. +Strain 1 76 13 .8 8.0 5 .8 5.2 8.4 4. 2 9.8 2.2 11.6 1.78 
2-11 Raw 
--- --- ------ 6.619.6 5.81lD.6 371-n.6 ---116 16.2 10.0 6 .2 2.99 2-2 Pasteurized 116 14 .2 8.4 5.8 6.2 8.0 5.0 8 2 2.5 11 9 2.18 
2-3 Past. +Strain 1 116 15.4 9.6 5.6 5.7 9.4 4 .8 12.6 3.2 12.2 2.62 
Series 3. Milk A inoculated with 2 percent commercial cheese culture G. 
3-1 Raw 2 37.9 3.3 2.0 1.3 1.2 2.3 0 . 9 1 2.2 I 1.0 1 2.2 0 . 67 3-2 Pasteurized 2 38.3 3.0 1.6 1.4 1.1 2.0 1.1 2.1 0.9 2.2 0.67 
3-3 Past. +Strain 1 2 38.5 3.8 2 . 7 1.2 1.4 2.5 1.0 2.8 1.1 2.7 0.74 
------ ------
3-1 Raw 35 6.2 4.2 1.8 2.5 3.6 1.9 4.3 1.9 4 . 1 1.34 
3-2 Pasteurized 35 5.9 4 .2 1.8 2.6 3.4 1.7 4.0 2.0 4 . 1 1.27 
3-3 Past. +Strain 1 35 6.9 4.7 2.3 2.9 3.9 1.5 5.3 1.7 5.1 1.47 
--- --- ------ ------ ------ ------ ---
3-1 Raw 73 13.1 7.8 5 .2 5.6 7 . 6 5.0 8.0 3.8 9.2 2.03 
3-2 Pasteurized 73 11.6 7.2 4.2 5.2 6.2 5.2 6.4 3.6 7.8 1.88 
3-3 Past. +Strain 1 73 13.8 8.2 5.6 5.4 8.4 4.0 9.8 3.4 10.2 2.12 
--- --- ------
'6.8 8.8 6:419.2 5.0 lD.6 2.80 3-1 Raw 106 15 .8 11.2 4.8 3-2 Pasteurized 106 13 .5 9.0 4 . 7 6.0 7.5 5.6 7 .8 4.6 9.2 2.40 
3-3 Past. +Strain 1 106 16 . 1 11.4 4 . 6 6 .3 9 . 6 5.4 10 . 7 4.8 11 .5 3.04 
*Calculated from milligrams of amino nitrogen as determined by the Van Slyke gasometric method. 
I 
39.5 
38 
39 
40 .5 
39 
39 
40 
39 
39.5 
I 
38 
37.5 
39.5 
38.5 
38 
39 .5 
39 
38 
37 
Very good, lacks flavor 
Fair. lacks fia var 
Good, butter-like flavor 
Very good, typical cheddar 
Good, lacks flavor 
Good, butter-like flavor 
Very good, typical cheddar 
Good, lacks flavor 
Very good, butter-like flavor 
Good, lacks flavor 
Poor, lacks flavor 
Very good, butter-like flavor 
Good, lacks flavor 
Fair, lacks flavor 
Very good, butter-like flavor 
Good, typical cheddar 
Fair, lacks flavor 
Poor, sour, butter-like flavor 
~ 
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The moisture contents of the three cheese in a series were 
similar but the raw milk cheese contained less moisture than 
the other types in all cases. 
The flavor scores of the cheese made from raw milk were 
often higher than the scores of the other two types, especially 
after considerable ripening when a characteristic cheddar 
flavor had developed in all of the raw milk cheese. The scores 
of the cheese made from pasteurized milk inoculated with 
Strain 1 were commonly higher than those of the pasteurized 
milk cheese. There was a rich butter-like flavor in the cheese 
made from milk inoculated with Strain 1 during the entire 
ripening period, although the flavor was more apparent in the 
early stages of ripening than in the later stages. The butter-
like flavor differed distinctly from the characteristic flavor nor-
mally found in cheddar cheese but was very pleasing. After 
several months of ripening, a sour flavor sometimes accompan-
ied the butter-like flavor and, in two cases out of the three, 
lowered the flavor scores considerably. The cheese made from 
the pasteurized milk was generally characterized by a lack of 
flavor and a tough rubbery body. 
A summary of the effect of adding Strain 1 to pasteurized 
milk used for making cheddar cheese on the percentages of the 
. various nitrogen fractions in the serums of the ripened cheese 
is given in table 2. The fractions were arranged in the general 
order of their complexity, and the percentages of the total 
nitrogen in the serums that were represented by each fraction 
were calculated. 
The percentages of the total nitrogen that was amino nitro-
gen were essentially the same with the serums of the three 
cheese in a series. There were also no consistent variations 
in the serums of the three types of cheese in the percentages of 
the fractions classed as nitrogen soluble in tungstic acid but 
not amino nitrogen, nitrogen soluble in phosphotungstic acid 
but not in tungstic acid, and nitrogen soluble in ethyl alcohol 
but not in phosphotungstic acid. There were, however, rather 
definite differences in the percentages of the fraction soluble 
in trichloracetic acid but not in ethyl alcohol, and the fraction 
insoluble in trichloracetic acid; the serums of the raw milk 
cheese and the cheese made from pasteurized milk inoculated 
with Strain 1 regularly contained larger percentages of the 
fraction solub1e in trichloracetic acid but not in ethyl alcohol 
and, in most cases, smaller percentages of the fraction insoluble 
in trichloracetic acid than the serum of the pasteurized milk 
cheese. 
The data presented in tables 1 and 2 mdicate that, in soluble 
nitrogen distribution, the cheese made from pasteurized milk 
inoculated with Strain 1 were more nearly comparable to the 
TABLE 2. EFFECT OF ADDING STRAIN 1 TO PASTEURIZED MILK USED FOR MAKING CHEDDAR CHEESE ON THE PERCENTAGES OF 
THE VARIOUS FORMS OF NITROGEN IN THE SERUM OF THE RIPENED CHEESE. 
Milk used Milk used 
Raw I Pasteurized Past. + Raw Pasteurized Past+ 
Strain 1 Various fractions of nitrogen in cheese serum* Strain 1 
m!. of 0.1 normal acid equiv. to the nitro- percent of total nitrogen made up of 
gen fractions of 1 roi. of cheese serum various fractions 
Series 1. Cheese ripened 108 days ; made from Milk B inoculated with 2 percent cheese culture G 
4.0 3.4 3.8 Amino N 24 22 23 
1.6 1.5 1.0 N soluble in tungstic acid but not amino N 9 10 6 
0 .4 0.2 1.0 N soluble in phosphotungstic acid but not in tungstic acid 2 1 6 
0 .6 0.9 0.8 N soluble in ethyl alcohol but not in phosphotungstic acid 3 6 5 
3.8 2.5 3.6 N soluble in t richloracetic acid but not in ethyl alcohol 23 16 22 
6.0 7.0 6.2 N insoluble in trichloracetic acid 39 45 38 
16 .4 15.5 16 .4 Total N 
Series 2. Cheese ripened 116 days; made from Milk C inoculated with 2 percent cheese culture G 
3.0 2.2 2.6 Amino N 18 16 17 
0.6 0 .3 0 .6 N soluble in tungstic acid but not amino N 4 2 4 
2.2 2.5 1.6 N soluble in phosphotungstic acid but not in tungstic acid 14 18 11 
0.8 1.2 0.9 N soluble in ethyl alcohol but not in phosphotungstic acid 5 8 6 
3.4 2.2 3 .9 N soluble in trichloracetic acid but not in ethyl alcohol 21 15 25 
6.2 5.8 5.6 N insoluble in trichloracetic acid 38 41 37 
16.2 14. 2 15. 2 T otal N 
---------
Series 3. Cheese ripened 106 days; made from Milk A inoculated with 2 percent cheese culture G 
2.8 2.4 3 .0 Amino N 18 18 19 
2.2 2.2 1.8 N soluble in tungstic acid but not amino N 14 16 11 
1.4 1.0 0 .6 N soluble in phosphotungstic acid but not in tungstic acid 8 7 4 
0.4 0.4 0.9 N soluble in ethyl alcohol but not in phosphotungstic acid 2 3 5 
4.4 3.0 5.3 N soluble in trichloracetic acid bu t not in ethyl alcohol 28 22 33 
4.8 4 .7 4.6 N insoluble in trichloracetic acid 30 34 28 
16.0 13.7 16 .2 Total N I I 
*It should be recognized that the values given are, i;' large part, calculations based on data obtained with the various methods of fractioning the nitrogen 
in the cheese serum. For example, the value for the nitrogen soluble in tungstic acid but not amino nitrogen is the difference between the nitrogen soluble in 
tungstic acid and the amino nitrogen. 
CJ,:> 
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raw milk cheese than to the pasteurized milk cheese and that, 
in general, there was a more rapid and extensive protein de-
composition in the raw milk cheese and in the cheese made from 
pasteurized milk inoculated with Strain 1 than in the cheese 
made from pasteurized milk. The cheese made from pasteur-
ized milk inoculated with Strain 1 regularly developed a char-
acteristic, butter-like flavor that was pleasing although it was 
not typically cheddar. The pasteurized milk cheese was gen-
erally lacking in flavor and had a rubbery body even after con-
siderable ripening. 
EFFECT OF STRAIN 4 
Data on the nitrogenous decomposition and the flavor de-
velopment in the three series of cheese in which Strain 4 was 
used are given in table 3. 
The results obtained on the nitrogenous decomposition in the 
cheese were similar to those obtained in the comparisons in 
in which Strain 1 was employed. Except for the cheese in 
Series 4 when 1 day old, the amounts of total nitrogen in the 
serums of the cheese made from raw milk and from pasteurized 
milk inoculated with Strain 4 were regularly larger than the 
amounts in the serum of the pasteurized milk cheese; the 
greatest differences occurred with each series of cheese at the 
end of the ripening. 
The amounts of nitrogen in the various fractions obtained 
from the serums of the three series of cheese in which Strain 
4 was used, showed the same general relationships as the a-
mounts obtained when the effect of Strain 1 was studied. At 
various periods during the ripening, the values for the dif-
ferent nitrogen fractions in the serums of the raw milk cheese 
and the cheese made from pasteurized milk inoculated with 
Strain 4 were commonly larger than the values obtained with 
the serum of the pasteurized milk cheese, except for the frac-
tion insoluble in trichloracetic acid. With each series of cheese 
the value for this fraction was frequently higher in the serum 
of the pasteurized milk cheese than in the serums of the other 
two types, especially after considerable ripening. With the 
amino nitrogen, higher values were regularly obtained on the 
serum of the raw milk cheese and the cheese made from 
pasteurized milk inoculated with Strain 4 than on the serum 
of the pasteurized milk cheese, except for the cheese in Series 
5 when 1 day old. 
Very little variation was shown in the moisture contents of 
the three cheese in a series, but the cheese made from raw 
milk always contained less moisture than the other types. 
The cheese made from pasteurized milk inoculated with Strain 
4 were usually superior in flavor to the other two types of 
cheese. This cheese developed a rich, butter-like flavor which 
359 
was evident throughout the ripening, and which was apparently 
the same as that of the cheese made from pasteurized milk inocu-
lated with Strain 1. The cheese made from pasteurized milk inocu-
lated with Strain 4 did not develop a sour flavor after rather 
exten-ded ripening, as was not the case when Strain 1 was used. 
The raw milk cheese in Series 4 was unclean in flavor which 
accounts for the comparatively low scores throughout the ripen-
ing. '1'he pasteurized milk cheese was generally characterized 
by a lack of flavor and a rather tough body, even after con-
siderable ripening. 
Table 4 gives a summary of the effect of adding Strain 4 to 
pasteurized milk used for making cheddar cheese on the per-
centages of the various forms of nitrogen in the serums of the 
ripened cheese. In general, the percentages obtained on the 
serums of the cheese showed the same variations as were shown 
in the comparisons in which Strain 1 was used; the principal 
effect of Strain 4 was to increase the percentage of the total 
nitrogen made up of the fraction soluble in trichloracetic acid 
but not in ethyl alcohol and to decrease the percentage made up 
of the fraction insoluble in trichloracetic acid. 
In general, the cheese made from pasteurized milk inocu-
lated with Strain 4 were more nearly comparable in soluble 
nitrogen distribution to the raw milk cheese than to the pas-
teurized milk cheese, and commonly they had a better flavor 
than either the raw or the pasteurized milk cheese. The butter-
like flavor and aroma present in the cheese, although not 
typically cheddar, were pleasing. The pasteurized milk cheese 
lacked flavor and had a rubbery body. 
EFFECT OF STRAINS 2, 3, 5, 6, 7 AND 8 
Table 5 gives the data on the nitrogenous decomposition and 
the flavor development in the three series of cheese in which 
various strains of L. casei were used. 
The results obtained in the study of the- protein decompo-
sition in the cheese indicate that Strains 2, 5, 7 and 8 produced, 
in general, the same effects as St:rain 1 or 4_ The serum of the 
cheese made from pasteurized milk inoculated with Strain 2, 5, 
7 or 8 nearly always contained more total nitrogen than the 
serums of the control cheese, and the differences in the total 
nitrogen content were usually larger with a longer ripening 
period than with a shorter one. The amounts of total nitrogen 
in the serums of the cheese made with Strain 3 or 6 were usu-
ally about the same or only slightly larger than the amounts in 
the control cheese. 
The soluble nitrogen distribution in the serums of the cheese 
made from pasteurized milk inoculated with Strain 2, 5, 7 or 8 
was similar to that in the serums of the cheese made with 
TABLE 3. EFFECT OF ADDING STRAIN 4 TO PASTEURIZED MILK USED FOR MAKING CHEDDAR CHEESE ON THE NITROGENOUS 
DECOMPOSITION AND FLAVOR DEVELOPMENT IN THE CHEESE. 
---- --- ---- ------ ---
I 
ml. of 0.1 normal acid equiv. to nitrogen of 1 mi. of cheese serum 
--- ---
Per- nitrogen fractionated into sol. and insol. portions with 
" ... 
cent-
., " Milk Age age total trichlor- ethyl phospho- tungstic * Flavor Remarks on Il,o used in H2O N acetic acid alcohol tungstic acid acid amino score cheese flavor 
e3 ~ days in ~I inso: __ sol. I insol. ~I insol. ~linsol. N of cheese cheese 
Series 4. Milk B inoculated with 2 percent commercial cheese culture C 
4-1 Raw 1 38.4 4.6 2.5 1.7 1.4 3.1 1.4 3.5 1.3 3 . 3 0.88 
4-2 Pasteurized 1 39.1 3.5 1.8 1.6 0.9 2.5 0.8 2.7 0.8 2.8 0 .70 
4-3 Past. +Strain 4 1 39 . 0 3.4 2.1 1.5 1.0 2.4 0 . 7 2.6 0.7 2.6 0.78 
--- --- ------ ------ ------ ------ ---
4-1 Raw 10 7.7 4.6 3.0 2.8 4.7 1.6 6.0 1.5 5.9 1.22 
4-2 Pasteurized 10 6.6 3.8 2.8 2.1 4 .5 1.1 5.4 1.2 5.2 0.96 
4-3 Past. +Strain 4 10 7.9 4.2 3.7 2.0 5.9 1.3 6.6 1.1 6.7 1.22 
--- --- ------ ------ ------ ------ ---
4-1 Raw 24 11. 5 8.3 3.3 4.7 6.7 2.7 8.8 2.5 9.0 1.63 37 Poor I gassy I unclean 
4-2 Pasteurized 24 10.2 5.8 4.5 3.4 6.7 1.8 8.4 1.8 8.3 1.20 38 Fair, lacks flavor 
4-3 Past. +Strain 4 24 13 .5 7.5 5.5 4.0 9.2 2.6 11.1 2.5 10 .9 1.72 39 Good, butter-like flavor 
--- --- ------ ------ ------ - ----- ---
4-1 Raw 61 14.2 9.7' 4.5 5.0 9.2 3.0 11.3 2.7 11. 5 2.31 37 Poor, gassy, unclean 
4-2 Pasteurized 61 13.6 8.0 5.5 3.2 10.4 2.3 11.2 2.3 11.3 1.68 38 Fair, lacks flavor 
4-3 Past. +Strain 4 61 15.1 9.7 5.2 4.8 10.3 3.2 12.0 2.9 12.4 2.31 39.5 Very good, butter-like flavor 
--- --- ------ ------ ------ ------ ---
4-1 Raw 142 21.0 13.8 7.1 7.3 13.5 4.8 16.1 4.6 16.2 3.97 37 Poor I gassy, unclean 
4-2 Pasteurized 142 18.4 11.4 6.9 4.8 13.7 3.5 15.0 3.4 15.1 3 . 01 38.5 Good, lacks flavor 
4-3 Past. +Strain 4 142 20.1 12 .8 7.3 5.9 14 . 0 4 .2 15.7 4.0 16.0 3.82 39.5 Very good, butter-like flavor 
c,.:) 
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Series 5. Milk A inoculated with 2 percent commercial cheese culture C 
5-1 Raw 1 39.0 4.3 2.5 1.7 1.4 1 2.9 l.l 1 3.2 1.0 I 3.3 0. 84 1 I 5-2 Pasteurized 1 39.7 3.5 2.0 1.5 1.0 2.6 0.7 2.7 0.7 2.7 .73 
5-3 Past. +Strain 4 1 39.6 3.7 2.2 1.6 1.2 2.4 0.8 2.9 0.8 2.8 0.73 
------
27j---U-
-U-15:9 
------ ------
5-1 Raw 6 7.5 4.8 2.6 1.6 5.9 1. 21 1 5-2 Pasteurized 6 6.6 3.7 2.9 2.0 4.6 1.3 5.4 1.1 5.5 0.93 
5-3 Past. +Strain 4 6 8.6 6.4 2.4 2.5 6.2 1.6 7.2 1.6 7.0 1.21 
------ ------ ------ ------
5-1 Raw 28 11.5 8.6 1 3.0 3.7 7.8 2.9 1 8.6 2.0 9.4 1. 79 38.5 5-2 Pasteurized 28 10.3 6.2 4.1 3.0 7.2 1.6 8.8 1.4 9.1 1.30 38 
5-3 Past. +Strain 4 28 13.0 9.9 3.0 4.0 8.7 ~~ 2.1 10.8 1.92 39 
--- ------
5-1 Raw 62 14.5 11.1 3.3 4.8 9.6 3.6 11.0 3.2 11 .3 2.46 39 
5-2 Pasteurized 62 13.2 8.6 4.8 4.0 9.4 2.0 11 .2 1.8 11.5 1.83 38.5 
5-3 Past. +Strain 4 62 14.8 11.0 3.8 4.5 10.3 2.7 11.9 2.3 12.2 2.46 40 
--- --- ------
8.81-u.D 
------ ------ ---
5-1 Raw 146 22.8 19.0 3.8
1 
6.4 16.2 6.1 16.7 4.40 39.5 
5-2 Pasteurized 146 19.0 14.2 5.0 6.1 13.1 3.5 15.6 3.3 15.7 2.80 38.5 
5-3 Past. +Strain 4 146 21.4 16.8 4.3 6.4 15.0 4.3 17.0 4.0 17.2 3.64 40 
Series 6. Milk A inoculated with 2 percent commercial cheese culture C 
6-1 1 Raw 1 21 38 .7 11 4.7 11 2.8 1 1. 9 11 1. 3 1 3.4 11 0.8 1 3.8 11 0.7 1 3.9 11 0 . 73 6-2 Pasteurized 2 39.2 3.6 .0 .6 .5 2 . 1 .9 2.  .6 .0 0.60 
6-3 Past.+Strain4_2_~ ~ ~,~ ~~~~~~ ~II 
6-1 
6-2 
6-3 
Raw 
Pasteurized 
Past. +Strain 4 
10 
10 
10 
5.0 3.0 2.0 1.8 3.3 1.0 4.1 0.9 4.2 1.00 
6.3 3.6 2.7 2.2 4.3 1.1 5.2 1.0 5.2 1.52 
Good, typical cheddar 
Fair, lacks flavor 
Good, butter-like flavor 
Good, typical cheddar 
Good, lacks flavor 
Very good, butter-like flavor 
Very good, typical cheddar 
Good, lacks flavor 
Very good, butter-like flavor 
6-1 
6-2 
6-3 
Raw 
Pasteurized 
Past. +Strain 4 
6.4 3 .8 2.5 2.5 4.0 1.4 5.1 1.1 1 5.3 1.46 
36 8.6 5.2 3.4 2.5 6.2 1.6 7.0 1.6 7.1 1.32 38 Fair, lack. flavor 
36 9.7 6.6 3.2 3.2 6.4 2.0 7.5 1.8 7.9 1.97 39 Good, butter-like flavor 
36 --- "'1Q.6 7:2 3A 5:2 ~ 27 ----s:2 271----s:2 "'1.97 39 Good, typical cheddar 
--' ' --- --- ------ ------ ------ ------ ---
6-2 Pasteurized 64 10.8 6.8 4.0 4.0 6.7 2.7 8.2 2.6 8.3 1.60 38 Fair, lacks flavor 
6-1 1 Raw 1 64 12.9 11 9.0 3.8 5.8 7.0 3.7 1 9.1 3.5 9.4 2.46 39.5 Very good, typical cheddar 
6-3 Past.+Strain4 64 11.8 ~~ ~~~~~~ --=.:.::.... 39.5 Very good,butter-like flavor 
16.5 11 12.5 4.0 6.9 9.6 4.9 1 11.5 4.6 11.8 3.10 39.5 Very good, typical cheddar 
13.3 9.0 4.4 4.9 8.5 3.4 9.9 3.4 10.0 2.12 38.5 Fair, lacks flavor 
15 .3 11.3 3.8 5.6 9.6 4.2 11.1 4.0 11.1 3.10 40 Verygood,butter-likeflavor 
6-1 I Raw 1 105 6-2 Pasteurized 105 
6-3 Past. +Strain 4 105 
*Calculated from milligrams of amino nitrogen as determined by the Van Slyke gasometr c method. 
C;:) 
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TABLE 4. EFFECT OF ADDING STRAIN 4 TO PASTEURIZ 
THE VARIOUS FORMS OF NITR 
m MILK USED FOR MAKING CHEDDAR CHEESE ON THE PERCENTAGES OF 
Raw 
Milk used 
Pasteurized I Past. + 
Strain 4 Various fra 
::lGEN IN THE SERUM OF THE RIPENED CHEESE. 
Raw 
ctions of nitrogen in cheese serum* 
Milk used 
I Pasteurized Past. + 
Strain 4 
I 
m!. of 0.1 normal acid equiv. to the nitro-
gen fractions of 1 ml. of cheese serum 
percent of total nitrogen made up of 
4.0 3.0 
0.6 0.4 
0.2 0.1 
2.5 1.3 
6.5 6.6 
7.1 6.9 
------
20.9 18 .3 
4.4 2.8 
1.7 0 .5 
0.3 0.2 
2.4 2.6 
10.2 8.1 
3.8 5.0 
------
22.8 19.2 
3.1 2.1 
1.5 1.3 
0.3 0 . 0 
2.0 1.5 
5.6 4.1 
4.0 4.4 
------
16.5 13.4 
*See table 2. 
various fractions 
Series 4. Cheese ripened 142 days; made from Milk B inoculated with 2 percent cheese culture C 
3.8 
0.2 
0.2 
1.7 
6.9 
7.3 
20.1 
N soluble 
N soluble in phos 
N soluble in ethy 
N soluble in trich 
Nin 
Amino N 19 
in tungstic acid but not amino N 3 
photungstic acid but not in tungstic acid 1 
. alcohol but not in phosphotungstic acid 12 
loracetic acid but not in ethyl alcohol 31 
loluble in trichloracetic acid 34 
Total N 
Series 5. Cheese ripeI)ed 146 days; made (rom Milk A inoculated with 2 percent cheese culture C 
3.6 
0.4 
0.3 
2.1 
10.4 
4.3 
21.1 
N soluble 
N soluble in phos 
N soluble in ethy 
N soluble in trich 
Ni 
Amino N 20 
in tungstic acid but not amino N 7 
photungstic acid but not in tungstic acid 1 
. alcohol but not in phosphotungstic acid 11 
l;~l~bl~i:~~~ckf;r~~:t:~ :Ji't alcohol 45 16 
Total N 
Series 6. Cheese ripened 105 days; made from Milk A inoculated with 2 percent cheese culture C 
3.1 
0.9 
0.2 
1.4 
5.7 
3.8 
15.1 
N soluble 
N soluble in pho. 
N soluble in ethyl 
N soluble in trich 
Ni 
Amino N 19 
in tungstic acid but not amino N 9 
photungstic acid but not in tungstic acid 2 
, alcohol but not in phosphotungstic acid 12 
loracetic acid but not in ethyl alcohol 34 
lsoluble in trichloracetic acid 24 
Total N 
16 
2 
1 
7 
36 
38 
15 
2 
1 
14 
43 
25 
15 
10 
0 
11 
31 
33 
19 
1 
1 
8 
35 
36 
17 
2 
1 
10 
50 
20 
20 
6 
1 
10 
38 
25 
CJ,j 
0'> 
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Strain 1 or 4. During the ripening, the serums of the cheese 
made with Strain 2, 5, 7 01' 8 often contained more nitrogen in 
both the soluble and insoluble fractions than the serums of the 
control cheese, although there was a number of exceptions to 
this relationship, especially in the fraction insoluble in tri-
chloracetic acid. With the serums of the cheese made with 
Strain 3 or 6, the amounts of the various nitrogen fractions 
were similar to those in the serums of the control cheese. Ex-
cept for the serums of the cheese 'made with Strain 6, the val-
ues obtained for the amino nitrogen were commonly larger, 
throughout the ripening, in the serums of the cheese made with 
one of the L. casei strains than in the serums of the control 
cheese. 
The general quality of the cheese made from pasteurized 
milk inoculate~ with one of the strains of L. casei was superior 
to the control cheese. The body of the cheese made with L. casei 
appeared to break down more rapidly than the body of the con-
trol cheese and in most cases more flavor developed in the 
cheese made with L. casei In the cheese made with Strain 5, 
a characteristic butter-like flavor developed which was ap-
parent during the entin' ripening period. It was similar to the 
flavor which developed in the cheese made with Strain 1 or 4. 
Persons examining the cheese were able to detect the butter-
like flavor readily, and the opinions given were nearly always 
favorable. The cheese made with Strain 2, 7 or 8 appeared to 
develop a typical cheddar flavor after about 10 weeks of 
ripening. In some instances the control cheese developed con-
spicious off flavors such as sour and bitter flavors, while the 
cheese made with L. casei were either free from these defects 
or contained them only in a small degree. In two cases the 
flavor scores of the cheese made with L. casei were as high as 
40, and scores of 39.5 were obtained on other cheese made with 
L. casei. The highest score on the control cheese was 38.5, and 
one of the cheese scored 37. 
'l'he three cheese in a comparison differed only very little in 
moisture content, but the cheese made with L. casei regularly 
showed a slightly higher moisture content than the control 
cheese. 
Table 6 presents a summary of the effect of adding each 
of' several strains of L. casei to pasteurized milk used for 
cheese making on the percentages of the various forms of nitro-
gen in the serums of the ripened cheese. The results obtained 
were similar to those obtained when Strain 1 or 4 was added to 
the milk used. The most consistent variations in the serums of 
the cheese were shown in the percentages of the fraction soluble 
in trichloracetic acid but not in ethyl alcohol, which were com-
paratively large in the cheese made with L. casei, and in the 
TABLE 5. EFFECT OF ADDING EACH OF SEVERAL STRAINS OF L. CASE! TO PASTEURIZED MILK USED FOR MAKING CHEDDAR 
CHEESE ON THE NITROGENOUS DECOMPOSITION AND FLAVOR DEVELOPMENT IN THE CHEESE. 
-:-:-1 
---
Per-
cent-
~~ Milk Age age 
t3 ~ I used in H.O days in cheese 
7-1 I Pasteurized 
7- 2 Past. +Strain 2 
7-3 Past. +Strain 7 
81 38 . 0 8 38.4 
8 38.3 
7-1 Pasteurized 49 
7-2 Past. +Strain 2 49 
7-3 Past. +Strain 7 49 
ml. of 0.1 normal acid equiv. to nitrogen of 1 ml. of cheese serum 
---
nitrogen fractionated into sol. and insol. portions with 
total trichlor- ethyl phospho- tungstic 
* 
Flavor 
N acetic acid alcohol tungstic acid acid amino score 
- 1--1- ~I insol. ~I insol. N of sol. insol. sol. insol. cheese 
Series 7. Milk B inoculated with 1.5 percent commercial cheese culture NG 
5.0 
6.1 
5.7 
7.9 
9.1 
8.7 
3.2 
3.8 
3.4 
4.9 
6.3 
5.9 
1.7 
2.2 
2.4 
3.0 
2.7 
2.7 
2.0 
2.2 
2.0 
3.2 
3.7 
3.2 
3.2 
3.8 
3.4 
4.8 
5.2 
5.4 
1.0 
1.6 
1.2 
2.2 
2.8 
2.1 
4.2 
4.6 
4.4 
5.8 
6.2 
6.5 
0.9 
1.8 
1.4 
2.0 
2.3 
2.0 
4.1 II 0.78 4.3 0.94 
4.1 0.87 
5.8 
6.8 
6.4 
1.34 
1.47 
1.41 
38.5 
38. 
38. 
Remarks on 
cheese flavor 
Fair, lacks flavor 
Fair I 81. sour I lacks flavor 
Fair. 81. sour, lacks flavor 
-I 1- 1--11--11--1--11--1--11--1--11--1--11--11--1 
-- -- --.. --.. --·--.. --·--.. --·--.. --·--.. --·1--1-::---:--:--::----
7-1 I Pasteurized 
7-2 Past. +Strain 2 
7-3 Past. +Strain 7 
79 
79 
79 
11.8 
12.5 
12.4 
7.1 
8.3 
8.5 
4.9 
4.0 
3.7 
4.4 
5.0 
5.4 
7.5 
7.4 
7.1 
2.4 
3.2 
3.6 
9.5 
9.2 
9.1 
2.8 
3.5 
3.5 
9.0 
9.1 
8.8 
1. 61 
1. 70 
1.66 
38. 
38. 
38.5 
Fair I Bour, lacks flavor 
7-1 
7-2 
7-3 
Pasteurized 1 110 
Past. +Strain 2 110 
Past. +Strain 7 110 
- "- 11- 1- 11- 1- 11--11- 1- 11-15 . 9 9.4 6.4 5.4 10.2 3.9 11.7 3.0 12 . 8 2.23 17.3 11.2 6.0 6 . 8 10.4 5.1 1 12.2 4.3 13.1 3.06 
18.4 11.8 6.6 7.3 10.9 5.4 13.0 5.0 13.6 3.24 
38. 
40. 
38.5 
Fair. sour. typical cheddar 
Good. sl. sour. typical cheddar 
Fair, 81. sour, lacks flavor 
Very good. typical cheddar 
Good. sl. sour. typical cheddar 
c.:> 
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Series 8. Milk A inoculated with 1.5 percent commercial cheese culture G 
8-1 Pasteurized 7 39.2 5.6 3 . 5 2.3 2 . 3 3.3 2.2 3.5 1.4 4 . 1 0.85 
8-2 Past . +Strain 3 7 39.8 5.4 3.2 2.1 2.1 3.2 1.8 3.6 1.6 3.6 0.72 
8-3 Past. +Strain 5 7 40.0 5 . 7 3.6 1.9 2.4 3 . 2 2.3 3 .6 1.8 4.0 0.83 
--- --- ------ ------ ------ ------ ---
8-1 Pasteurized 47 8.2 5.0 3.0 2.6 5.5 2.2 '6.1 2.0 6.3 1.40 
8-2 Past. + Strain 3 47 8.7 6.1 2.5 3.2 5.3 2.1 6.6 1.8 7.0 1.48 
8-3 Past. +Strain 5 47 9.0 5.6 3.3 3.6 5.5 2.5 6.5 2.4 6.8 1.56 
--- --- ------ ------ ------ ------ ---
8-1 Pasteurized 80 13.2 9.0 4.3 4.0 9.1 3.0 10.1 2 . 6 10.6 2.06 
8-2 Past. + Strain 3 80 13.7 9.3 4.4 4 . 8 9 . 0 3.4 10.3 2.9 11.0 2.17 
8-3 Past. +Strain 5 80 14.4 9 . 8 4 . 6 5.2 9.2 4.0 10 .5 3.4 11.1 2 . 74 
--- --- ------ ------ ------ ------ ---
8-1 Pasteurized 111 14.6 9.3 5 . 3 4.2 10.4 3.4 11.2 3.2 11.4 2.81 
8-2 Past. + Strain 3 111 15.0 10.0 4.9 4 . 7 10.2 3.8 11.3 3.4 11.7 2.96 
8-3 Past . +Strain 5 111 16.8 12.0 4.7 5 . 7 10.6 4.7 12.0 3.9 12 .8 3.44 
I 
..... 
. . 
--
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Series 9. Milk A inoculated with 1.5 percent commercial cheese culture G 
9-1 Pasteurized 6 37.6 5.0 3.1 1.8 2.0 3.1 2.2 2.8 1.2 3.9 0.78 
9-2 Past. +Strain 6 6 38.0 4.5 2.5 2.0 1.8 2.6 1.9 2.6 0.9 3.5 0.70 
9-3 Past. +Strain 8 6 38.2 4.4 2.4 2.0 1.5 2.9 1.3 3.3 1.2 3.2 0.78 
--- ------ ------ ------ ------ ---
9-1 Pasteurized 40 11.2 7.6 3.6 3 . 8 7.4 3.4 7.9 2.6 8.8 1.55 
9-2 Past. +Strain 6 40 11.6 7.8 3.6 5.2 6.6 3.0 8.6 2.6 8.8 1.48 
9-3 Past. +Strain 8 40 11.4 7.5 3.8 4 . 0 7.3 3.4 7.8 2.7 8.6 1.59 
--- ------ ------ ------ ------ ---
9-1 Pasteurized 71 13 . 3 8.6 4.6 5.2 7.8 3.6 9.5 3.2 10 . 0 2.11 
9-2 Past. +Strain 6 71 12.9 8.5 4.4 4.0 8.2 3.4 9.4 2 . 6 10.1 2.01 
9-3 Past. +Strain 8 71 14.4 9 . 9 4.6 5.6 8.8 4.5 10.0 3.8 10.7 2.21 
--- ------ ------ ------ ------ ---
9-1 Pasteurized I 93 14.4 9.2 5.1 5.8 8 . 5 3.9 10.6 3.6 10.8 2.58 9-2 Past. +Strain 6 93 14.5 9.9 4.6 5.0 9.6 3 . 7 10.9 3.2 11.4 2.36 
9-3 Past. +Strain 8 93 17.6 13.1 4.4 6.8 10.7 5.4 12.3 4.3 13.2 3.52 
*Calculated from milligrams of amino nitrogen as determined by the Van Slyke gasometric method. 
38.5 
38.5 
40. 
38. 
38. 
39.5 
37.5 
38 . 
39.5 
38.5 
39.5 
39.5 
38. 
38.5 
39.5 
37. 
39. 
39.5 
Good, lacks flavor 
Good, 81. sour, lacks flavor 
Very good, butter-like flavor 
Fair, sour, lacks flavor 
Fair, Bour, lacks flavor 
Very good, butter-like flavor 
Poor, sour, hitter 
Fair. s1. BOur I s1. bitter 
Very good, butter-like flavor 
_.-
Good, lacks flavor 
Very good, lacks flavor 
Very good, lacks flavor 
Fair, lacks flavor 
Good, lacks flavor 
Good, typical cheddar 
POOT, bitter 
Good, lacks flavor 
Very good, typical cheddar 
Co.:> 
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TABLE 6. EFFECT OF ADDING EACH OF SEVERAL STRAINS OF L . CASEl TO PASTEURIZED MILK USED FOR MAKING CHEDDAR 
CHEESE ON THE PERCENTAGES OF VARIOUS FORMS OF NITROGEN IN THE SERUM OF THE RIPENED CHEESE. 
Milk used 
Pasteurized I Past. + Past. + 
L . casei L. casei Various fractions of nitrogen in cheese serum* 
Milk used 
Pasteurized I Past. + 
L . casei 
Past. + 
L . casei 
m!. of 0.1 normal acid equiv. to the ni tro-
gen fractions of 1 m!. of cheese serum 
percent of total nitrogen made up 
various fractions 
a** 
2.2 3.0 
0.8 1.3 
0.9 0.8 
1.5 1.7 
4.0 4.4 
6.4 6.0 
------
15 .8 17.2 
Series 7. Cheese ripened 110 days; made from Milk B inoculated with 1.5 percent cheese culture NG 
b** a** h** 
3.2 Amino N 14 17 
1. 8 N soluble in tungstic acid hut not amino N 5 8 
0.4 N soluble in phosphotungstic acid hut not in tungstic acid 6 5 
1. 9 N soluhle in ethyl alcohol hut not in phosphotungstic acid 10 9 
4.5 N soluhle in trichloracetic acid but not in ethyl alcohol 25 26 
6 .6 N insoluble in trichloracetic acid 40 35 
18.4 Total N 
17 
10 
2 
10 
25 
36 
w 
m 
m 
c** 
2 .8 3.0 
0.4 0 . 4 
0 . 2 0 . 4 
0 .8 0.9 
5. 1 5 .3 
5 . 3 4. 9 
14 . 6 I 14.9 
- - - -
e** 
2 . 6 2.4 
1.0 0.8 
0 . 3 0 .5 
1. 9 1.3 
3 .8 4.9 
5 . 0 4.6 
14.6 14.5 
- ---- - -
. . ... 
OSee table 2. 
Series 8. Cheese ripened 111 days; made Irom Milk A inoculated with 1.5 percent chee "culture G 
d** 
3.4 Amino N 19 
0.5 N soluble in tungstic acid but not amino N 3 
0 . 8 N soluble in phosphotungstic acid but not in tungstic acid 1 
1.0 N soluble in ethyl alcohol but not in phosphotungstic acid 5 
6 . 3 N soluble in trichloracetic acid but not in ethyl alcohol 35 
4 . 7 N insoluble in trichloracetic acid 37 
16 . 7 Total N 
Series 9. Cheese ripened 93 days; made Irom Milk A inoculated with 1.5 percent cheese culture G 
1** 
3 .5 Amino N 18 
0.8 N soluble in tungstic acid but not amino N 7 
1.1 N soluble in phosphotungstic acid but not in tungstic acid 2 
1.4 N soluble in ethyl alcohol but not in phosphotungstic acid 13 
6.3 N soluble in trichloracetic acid but not in ethyl alcohol 26 
4.4 N insoluble in trichloracetic acid 34 
17.5 Total N 
.. -
----- -- --
**a-Strain 2, b-Strain 7, c--Strain 3, d-Strain 5, e--Strain 6 ,I-Strain 8. 
c** 
20 
3 
3 
6 
35 
33 
e** 
17 
6 
3 
9 
34 
31 
d** 
20 
3 
4 
6 
39 
28 
1** 
20 
5 
6 
8 
36 
25 
00 
0"> 
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percentages of the fraction insoluble in trichloracetic acid, 
which were comparatively large in the control cheese. 
In general, there was a more rapid and extensive break-
down of the protein in the cheese made from milk inoculated 
with Strain 2, 5, 7 or 8 than in the control cheese, while Strain 
3 or 6 had much less effect. The cheese made with each of the 
strains of L. casei regularly had a pleasing, clean flavor. Three 
of the strains appeared to produce a characteristic cheddar 
flavor in the cheese, while one strain brought out a pleasing 
butter-like flavor which was desirable. The control cheese com-
monly lacked flavor and, in several cases, was criticised as 
bitter or sour. 
DIACETYL AND ACETYLMETHYLCARBINOL IN CHEESE 
The cheese made from pasteurized milk inoculated with cer-
tain strains of L. casei, particularly Strains 1, 4 and 5, were 
characterized more or less regularly by a butter-like flavor 
and aroma which suggested diacetyl. Often the odor of diacetyl 
was evident in the curd late in the manufacturing process, 
especially when the curd was ready for salting. 
The studies of van Niel, Kluyver and Derx (28) and of 
Schmalfuss and Barthmeyer (25) have established the rela-
tionship of diacetyl to the characteristic aroma of butter and 
suggested that the diacetyl comes from acetylmethylcarbinol. 
The importance of acetylmethylcarbinol plus diacetyl from the 
standpoint of a desirable flavor and aroma in butter cultures 
has been shown by Michaelian, Farmer and Hammer (19). 
In order to be certain that diacetyl was present in the cheese 
having an odor suggestive of this compound, diacetyl deter-
minations were made, when the cheese were about 2 months 
of age, on the nine cheese in the three series in which Strain 4 
was used. Each series contained a raw milk cheese, a pasteur-
ized milk cheese and a cheese made from pasteurized milk 
inoculated with Strain 4. Diacetyl was determined by steam 
distilling 400 gm. of cheese that had been emulsified in 600 ml. 
of 4 percent, aqueous, sodium citrate solution, collecting the 
distillate in hydroxylamine hydrochloride and sodium ace-
tate, treating with nickel chloride and finally collecting (in a 
crucible) and weighing the nickel dimethylglyoximate that _ 
precipitated (19). The raw milk cheese and pasteurized milk 
cheese yielded no diacetyl while diacetyl equivalent to 0.8 mg., 
4.7 mg., and 2.7 mg. of nickel dimethylglyoximate, respectively, 
was found in the cheese made from pasteurized milk to whieh 
Strain 4 had been added (cheese 4-3, 5-3 and 6-3, table 3). The 
two cheese yielding the most diacetyl were also examined for 
acetylmethylcarbinol plus diacetyl by distilling with ferric 
chloride (after emulsifying with aqueous sodium citrate) and 
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then collecting and treating the distillate as when diacetyl 
alone was determined (19). Amounts of these materials equiva-
lent to 4.6 mg. and 10.5 mg. of nickel dimethylglyoximate per 
400 gm. of cheese, respectively, were found (cheese 5-3 and 6-3, 
table 3). One cheese yielded as much diacetyl when distilled 
without ferric chloride as when distilled .with this reagent so 
evidently contained no acetylmethylcarbinol, while the other 
. cheese yielded several times as much diacetyl when distilled 
with ferric chloride as when distilled without it, so apparently 
contained a relatively large amount of acetylmethylcarbinol. 
While all of the cheese made from pasteurized milk inocu-
lated with Strain 1, 4 or 5 that were included in the studies on 
nitrogenous decomposition developed the flavor and aroma 
suggestive of diacetyl, additional lots of cheese made in the 
same manner have sometimes failed to do this. Several such 
cheese have been examined and found to yield no diacetyl. They 
yielded only very small amounts of acetylmethylcarbinol ; 
small amounts of the carbinol, but no diacetyl, have also been 
found in several lots of raw milk cheese. Only three of the eight 
strains of L. casei employed produced the butter-like flavor 
and aroma in the experimental cheese. 
EFFECT OF ADDING STRAIN 4 TO PASTEURIZED MILK USED 
FOR MAKING CHEDDAR CHEESE ON THE NUMBERS AND 
GENERAL TYPES OF BACTERIA IN THE CHEESE 
The effect of adding Strain 4 to pasteurized milk used for 
making cheddar cheese on the numbers and general types of 
bacteria in the cheese was studied with the three series of 
cheese employed in determining the influence of this strain on 
the nitrogenous decomposition and flavor development . in 
cheese . Table 7 summarizes the bacterial counts and the general 
types of organisms isolated from the cheese after various ripen-
ing periods. 
At the time of the first examination, when the cheese was 3 
or 4 days old, the bacterial counts on the three types of cheese 
varied considerably. The counts on the raw milk cheese were 
definitely larger than the counts on the pasteurized milk cheese, 
Jut they were also considerably smaller than the counts on the 
chees.e made from pasteurized milk to which Strain 4 had been 
added. This relationship of the numbers of bacteria in the three 
types of cheese was regularly maintained throughout the ripen-
ing. In general, the highest bacterial count on each cheese was 
obtained after only relatively short ripening (10 to 28 days) ; 
the highest counts on the raw milk cheese varied from 640 to 
1,640 mi.llion, those on the pasteurized milk cheese ranged from 
400 to 910 million and those on the cheese made from pasteur-
TABLE 7. EFFECT OF ADDING STRAIN 4 TO PASTEURIZED MILK USED FOR MAKING CHEDDAR CHEESE ON THE NUMBERS AND 
GENERAL TYPES OF BACTERIA IN THE CHEESE. 
Cheese 
number 
4--1 
4--2 
4--3 
4--1 
4--2 
4--3 
4--1 
4-2 
4--3 
4-1 
4--2 
4--3 
4--1 
4--2 
4--3 
Milk used 
Raw 
Pasteurized 
Past. +Strain 4 
Raw 
Pasteurized 
Past. +Strain 4 
Raw 
Pasteurized 
Past. +Strain 4 
Raw 
Pasteurized 
Past. +Strain 4 
Raw 
Pasteurized . 
Past. +Strain 4 
--
Age in 
days 
Series 4. 
3 
3 
3 
10 
10 
10 
28 
28 
28 
63 
63 
63 
146 
146 
146 
General types of bacteria found when 25 colonies were picked from plates 
Bacteria 
(i::ilfr::;,s) morPhOlog
l
y ; number action on litmU
I 
s milk; numbelr 
acid acid non-. forming yel-
rods cocci coagulators I coagulators low sediment digesters 
Milk B inoculated with 2 percent commercial cheese culture C 
920 25 7 2 16 
640 2 23 13 3 8 1 
1,200 19 6 22 3 
1,420 3 22 9 6 10 
760 13 12 16 2 7 
1,680 20 5 23 2 
1,010 2 23 11 14 
910 16 9 23 2 
2,800 23 2 25 
1,030 9 16 9 3 13 
870 12 13 22 · 3 
1,820 25 25 
530 12 13 21 4 
220 20 5 25 
1,020 25 25 
----------
C>j 
~ 
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Series 5. Milk A inoculated with 2 percent commercia.! cheese culture C 
5-1 Raw 3 990 1 24 10 
5-2 Pasteurized 3 420 3 22 6 
5-3 Past. +Strain 4 3 1,860 25 25 
5-1 R aw 10 1,640 2 23 4 
5-2 Pasteurized 10 750 2 23 6 
5-3 Past. + Strain 4 10 2,320 24 1 25 
5-1 Raw 25 750 7 18 12 
5-2 Pasteurized 25 620 12 13 18 
5-3 Past. + Strain 4 25 1,690 24 1 24 
5-1 Raw 64 800 11 14 15 
5- 2 Pasteurized 64 320 17 8 25 
5-3 P ast. + Strain 4 64 1,680 25 25 
5-1 Raw 150 410 15 10 15 
5-2 Pasteurized 150 270 19 6 21 
5-3 Past. + Strain 4 150 820 25 25 
Series 6. Milk A inoculated with 2 percent commercial cheese culture C 
6-1 R aw 4 420 25 8 
I 6-2 Pasteurized 4 172 4 21 18 6-3 Past . +Strain 4 4 1,020 24 1 25 
6-1 Raw 12 640 2 23 8 
6- 2 Pasteurized 12 400 6 19 12 
6- 3 Past . +Strain 4 12 2.600 23 2 23 
6- 1 Raw 31 460 6 19 6 
6-2 Pasteurized 31 122 13 12 22 
6- 3 Past . +Strain 4 31 930 25 25 
6-1 Raw 82 210 15 10 19 
6-2 Pasteurized 82 90 19 6 25 
6-3 Past . +Strain 4 82 840 25 25 
6-1 
I 
Raw 120 120 13 12 17 
6-2 Pasteurized 120 70 18 7 23 
6-3 P ast. +Strain 4 120 300 25 25 
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ized milk inoculated with Strain 4 from 2,320 to 2,600 million. 
With longer ripening, the numbers of bacteria in each cheese 
decreased until relatively small counts were obtained at the 
final examination. At this time the counts on the cheese pre-
pared from pasteurized milk inoculated with Strain 4 were from 
about 2 to 4 times as large as those on the other two types of 
cheese. 
The general types of bacteria isolated from the various 
cheese were essentially the same, but the numbers of the dif-
ferent types varied considerably with the milk used. 
The organisms isolated from the raw milk cheese during the 
early stages of ripening were, for the most part, cocci of two 
types. One type was a Micrococcus, which grew slowly in milk 
at room temperature, and which produced acid and a yellow 
sediment, while the other type was S. lac tis. As the cheese aged, 
a number of organisms of the L. casei group were isolated, and 
such isolations became more frequent with extended ripening. 
At the final examination, the organisms of the L. casei group 
composed approximately one-half of the total number of organ-
isms isolated. 
The organisms isolated from the pasteurized milk cheese at 
the time of the first examination were largely cocci. Some of 
these were S. lactis while others were micrococci and produced 
reactions similar to those of the same morphologic type isolated 
from the raw milk cheese. After considerable ripening, smaller 
numbers of cocci were obtained, while organisms of the L . . 
casei group were more numerous; with longer ripening, rela-
tively large numbers of L. casei were obtained, so that at the 
end of the ripening periods, most of the bacteria isolated were 
L. casei. 
With the cheese made from pasteurized milk inoculated with 
Strain 4, most of the organisms isolated during the entire ripen-
ing periods were of the L. casei group. A few of the organisms 
obtained during periods varying from 3 to 28 days were S. 
lactis. During the periods varying from 31 to 150 days, all of 
the cultures isolated from this type of cheese were L. casei. 
It is of interest to note that a very few cultures which di-
gested milk were isolated from each of the three types of cheese. 
fhese organisms were small cocci, usually arranged in pairs, 
which acidified and digested milk in a relatively short time. The 
organisms had the general characteristics of S. liqtwfaciens. 
In general, the cheese made from pasteurized milk inoculated 
with Strain 4 definitely showed higher bacterial counts during 
the entire ripening periods than were shown by the other two 
types of cheese. The flora of this cheese was made up largely of 
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L. casei at all stages of the ripening, while in the other two types 
of cheese, organisms of the L. casei group were not particularly 
numerous until the later stages of ripening. It may be assumed 
that cheddar cheese is a favorable medium for the growth of 
L. casei and that this organism, when inoculated into the milk 
used for cheese making, increases more rapidly in the cheese 
than the other organisms normally present. 
DISCUSSION OF RESULTS 
The desirability of adding certain strains of L. casei to pas-
teurized milk used for cheddar cheese making is indicated by the 
effect of some of the strains studied on the protein decomposition, 
the flavor , and the uniformity of the experimental cheese. 
The pasteurization of milk used for cheese, as the process was 
carried out in the trials reported, apparently destroys certain 
types of organisms which are beneficial from the standpoint of 
cheese ripening since the nitrogen breakdown was less rapid in 
the cheese made from pasteurized milk than in the raw milk 
cheese. When certain strains of L. casei were added to the pas-
teurized milk the resulting cheese usually showed a breakdown 
more nearly comparable to that of the raw milk cheese than to 
that of the pasteurized milk cheese which indicates that L. casei 
may be an important agent in bringing about the normal protein 
breakdown in cheddar cheese. Apparently the addition of cer-
tain strains of L. casei to the pasteurized milk aids in restoring 
a desirable bacterial flora, which results in an increased rate and 
degree of protein decomposition in the cheese. 
The comparatively large percentages of the nitrogen fraction 
insoluble in trichloracetic acid in the serums of the cheese made 
from pasteurized milk and the comparatively large percentages 
of the fraction soluble in trichloracetic acid but insoluble in 
ethyl alcohol in the serums of the raw milk cheese are in agree-
ment with the studies already reported from this station (18). 
With respect to these two nitrogen fractions, the cheese made 
from pasteurized milk to which certain strains of L. casei had 
been added were more nearly comparable to the raw milk cheese 
than to the pasteurized milk cheese, which suggests the desirable 
effect of this organism in the ripening of cheese made from pas-
teurized milk. 
Since some of the strains of L. casei studied had little or no 
effect on the nitrogen distrihution in the serum of the cheese, it 
is evident that selected strains of the organism should be em-
ployed in attempting to improve the flavor of cheese made from 
pasteurized milk. 
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The results obtained substantiate the general belief that ched-
dar cheese made from pasteurized milk usually develops a less 
typical cheddar flavor than cheese made from raw milk because 
the experimental cheese made from pasteurized milk were regu-
larly criticised as lacking flavor, while the raw milk cheese 
and the cheese made from pasteurized milk inoculated with cer-
tain strains of L. casei were rarely criticised in this way. 
The fact that a few strains of L. casei, when added to pas-
teurized milk used for cheese making, produced a typical ched-
dar flavor while other strains caused the development of an un-
usual, pleasing, butter-like flavor in the cheese, suggests that 
L . casei may be responsible, in part, for the production of de-
sirable flavors in cheese. The flavor scores of the cheese con-
taining the butter-like flavor were in most cases only slightly 
higher than the scores of the other cheese in the same series be-
cause this flavor was not characteristic of typical cheddar cheese. 
Since the butter-like flavor developed only in the cheese made 
from pasteurized milk inoculated with certain strains of L. casei, 
it appears that cheese of the cheddar type having a special flavor 
may be developed by employing these organisms in the manu-
facturing process. 
The data obtained suggest that diacetyl is related to the pleas-
ing, butter-like flavor found in certain cheese; since the butter-
like flavor was present only in cheese made from pasteurized 
milk inoculated with anyone of three of the eight strains of 
L. casei studied, it appears that some strains cannot produce this 
flavor in cheese. 
The development of a sour flavor, when cheese made from pas-
teurized milk inoculated with one of the L. casei strains were 
ripened for considerable periods, suggests that a sour flavor in 
cheese is not necessarily due to the development of lactic acid 
from lactose because, presumably, the lactose was used up early 
in the ripening period. There are, of course, other sources of lac-
tic acid and also a number of possibilities in connection with the 
formation of acids other than lactic. 
Since the raw milk cheese and the pasteurized milk cheese 
sometimes developed conspicuous flavor defects while the cheese 
made from pasteurized milk inoculated with certain strains of 
L. casei did not, it appears that the presence of relatively large 
numbers of L. casei in the cheese may control the growth of ob-
jectionable organisms and, at the same time, bring about a de-
sirable fermentation in the cheese during ripening. 
The presence of a few organisms of the S. liquefaciens type in 
the chees'e at various periods during ripening suggests that S. 
liquefaciens may be of significance in the ripening of cheddar 
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cheese. Gorini (9) is of the opinion that organisms of the lique-
fying type are the most important ripening agents of various 
types of cheeses. 
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